It is widely observed that mate-seeking behaviour in insects starts suddenly at a species-specific time and lasts at most for a few hours (i.e. periodic). Although several hypotheses have been proposed to explain why periodicity occurs, none has incorporated a game-theoretical situation within and between the sexes at the same time. Using a theoretical model, we show that the coevolution of mating strategies can result in the emergence of two distinct population level phases: with and without mate seeking. In the mate-seeking phase, all individuals (male or female) search for mates, whereas no individuals seek mates in the phase without mate seeking. If there are individuals that do not seek mates in the mate-seeking phase, the model predicts that these should be of the sex with (1) lower survivorship during mate-seeking behaviour; (2) higher survivorship during nonmate-seeking behaviour; (3) higher expected future reproductive potential or (4) the sex towards which the sex ratio is biased. Furthermore, the model predicts that the mate-seeking phase is favoured when individuals have (1) high searching efficiency, (2) high survivorship during mate-seeking behaviour of either males or females, (3) low survivorship during nonmate-seeking behaviour of either males or females, or (4) low future reproductive potential for either males or females. In addition, the model suggests the existence of a critical environmental condition that divides these two phases, predicting that gradual changes in this condition trigger a sudden transition between the mate-seeking and nonmate-seeking phases. 
It is widely observed that mate-seeking behaviour in insects starts suddenly at a species-specific time and lasts at most for a few hours (i.e. periodic). Although several hypotheses have been proposed to explain why periodicity occurs, none has incorporated a game-theoretical situation within and between the sexes at the same time. Using a theoretical model, we show that the coevolution of mating strategies can result in the emergence of two distinct population level phases: with and without mate seeking. In the mate-seeking phase, all individuals (male or female) search for mates, whereas no individuals seek mates in the phase without mate seeking. If there are individuals that do not seek mates in the mate-seeking phase, the model predicts that these should be of the sex with (1) lower survivorship during mate-seeking behaviour; (2) higher survivorship during nonmate-seeking behaviour; (3) higher expected future reproductive potential or (4) the sex towards which the sex ratio is biased. Furthermore, the model predicts that the mate-seeking phase is favoured when individuals have (1) high searching efficiency, (2) high survivorship during mate-seeking behaviour of either males or females, (3) low survivorship during nonmate-seeking behaviour of either males or females, or (4) low future reproductive potential for either males or females. In addition, the model suggests the existence of a critical environmental condition that divides these two phases, predicting that gradual changes in this condition trigger a sudden transition between the mate-seeking and nonmate-seeking phases. Periodic mate-seeking behaviour is widespread among insect species. For example, swarming is a frequent mate-seeking tactic amongst Diptera, Ephemeroptera, Heteroptera, Hymenoptera, Neuroptera and Trichoptera (Sivinski & Petersson 1997) . Generally, swarms form suddenly at species-specific times and last at most for a few hours. All copulation that takes place during that day occurs in this short period, and neither males nor females show mating behaviour for the rest of the day (Kon 1984; Allan & Flecker 1989; Gaugler & Schutz 1989) . This type of daily rise in mate-seeking activity and the sudden transition between seeking and nonseeking phases are also observed in species with other kinds of mate-locating behaviour, such as territory holding, searching flight and sex pheromone releasing (Bitzer & Shaw 1995; Cardé et al. 1996; Koshio 1996; Harari et al. 2000; Kawamura et al. 2001 ). Hereafter we refer to this type of mate-seeking activity pattern as 'periodic mate-seeking behaviour'.
Some authors have suggested that periodic mateseeking behaviour takes place when there are periodic changes in environmental conditions, for example predation pressure (Yuval & Bouskila 1993) or air temperature (Bitzer & Shaw 1995) , that determine the cost or efficiency of mate seeking. Periodicity of mating behaviour has been explained by considering mating strategies from the male perspective. In some situations, the periodic mate-seeking behaviour of males has been attributed to a corresponding periodic mate-seeking behaviour by females (Iwasa & Obara 1989; Rutowski et al. 1996) . In some insect species, females tend to be sexually receptive for only a brief period (Cardé et al. 1996; Harari et al. 2000) . For example, females of the almond moth, Ephestia cautella, release sex pheromones only during the first half of the night (Quartey & Coaker 1996) . In such species, it would be adaptive for males to synchronize their mateseeking behaviour with the release of the sex pheromones by the females, as independent mate-seeking behaviour
